The effect of substandard housing on children' s risk of diseases such as asthma has been studied; little is known about how it affects child injury risk. Pediatricians actively promote injury prevention but typically without regard to housing quality.
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Children living in low income, urban environments are at increased risk for fire and scald burns in their homes. 1, 2 Programs, including those conducted in pediatric health care, that encourage parents to reduce home injury hazards have been evaluated with mixed results. 3, 4 Thus, there remains a gap in understanding how to best enhance home safety to reduce child injuries, including fires and burns.
For low income, urban communities, addressing substandard housing may hold promise. 5 According to the Centers for Disease Control and Prevention, "Childhood lead poisoning, injuries, respiratory diseases such as asthma, and quality of life issues have been linked to the more than 6 million substandard housing units nationwide." 6 The evidence on home injury risk and housing quality is limited. Studies have used different outcomes (eg, fatalities or hazards such as no working smoke alarm), as well as different indicators of housing quality such as an interviewer assessment of a home needing repair, 7 a home that lacks indoor plumbing, 8 or census tract variables such as housing code violations, 9 vacancy rates, 10 or age of housing stock. 11 Only 1 study, conducted .15 years ago, used a standard government assessment; the authors found that substandard housing was associated with more injury hazards, including no working smoke alarms and unsafe hot water temperatures. 12 With this suggestive evidence that housing quality is associated with child home injury risk and the availability of a newer standardized tool to measure housing quality, it is timely to further explore these relationships. The aims of this article are to (1) describe the frequency and characteristics of substandard housing in homes with young children and (2) explore the hypothesis that better housing quality is associated with a greater likelihood of having working smoke alarms and safe hot water temperatures.
METHODS

Sample
The data for this analysis come from 246 parents with children 0 to 7 years old who participated in 1 of 2 studies conducted in East Baltimore, Safety in Seconds (SIS) 13 and the CARES Parent Study (CPS). 14 The authors of the SIS study evaluated the effects of a computer-tailored report on safety behaviors of parents. From September 2004 to December 2005, 901 parents from the Johns Hopkins Pediatric Emergency Department participated in a randomized controlled trial. Intervention parents received a 4-page tailored report on smoke alarms, poison storage, and car seats. Control parents received a 4-page generic report on health issues. Parents completed follow-up telephone surveys at 2 weeks (n = 759) and 4 months (n = 719). Home observations of smoke alarms and hot water temperatures were conducted on a random sample of 100 families (50 intervention and 50 control), who form the sample for the present analysis. The parents were 98% African American; 11% had more than a high school education; 68% earned #$5000 per capita per year; 23% were $30 years old; and 24% were married or in a couple relationship.
The CPS evaluated the impact of a mobile safety center (MSC), a 40-foot vehicle outfitted like a home environment that contains interactive educational exhibits and provides education and low-cost safety products. From July 2005 to May 2006, 296 parents were enrolled at a community health center. The interventions included either a prescribed or optional MSC visit as part of a well-child care visit; the control group was given a schedule of MSC community locations. Follow-up interviews and home observations of smoke alarms and hot water temperatures were completed between 2 weeks and 4 months after enrollment with 146 families, who form the second sample used in the present analysis. The parents in this sample were 97% African American; 18% had more than a high school education; 71% earned #$5000 per capita per year; 22% were $30 years of age; and 25% were married or in a couple relationship.
Measures
Housing Quality
The national Housing Choice Voucher Program is the primary form of federal housing assistance in the United States ("Section 8" housing). Vouchers are used to pay for homes deemed to be "decent, safe, and sanitary" according to the US Department of Housing and Urban Development's (HUD) Housing Quality Standards (HQS). 15 Housing Choice Voucher Program homes are required to pass HQS inspections annually. The 120 HQS items focus mostly on structural elements of housing and some neighborhood features. Trained housing inspectors complete the assessment.
In the 1990s, HUD conducted pilot tests to explore whether a subset of 64 items would be a valid assessment and whether the resident could reliably complete the assessment. More than 4000 residents in 3 states completed surveys by using this subset of items. High rates of agreement were found between inspector and resident completed assessments (.80%) and in test-retest reliability (.80%). 16, 17 Because the shorter survey performed well, it was used in both the SIS and CPS studies. For the present analysis, we retained 46 items that focused specifically on structural elements of the home environment. Items were dropped because they focused on neighborhood features (n = 8) or had missing data (n = 4)*; 6 items were combined with another item as required by the scoring instructions.
These 46 items cover 6 housing domains: kitchens and bathrooms (11 items); electrical wiring (5 items); heating and cooling (4 items); walls, ceilings, and floors (7 items); sanitationand safety (11 items); and outside the home (8 items). Consistent with the HUD requirements, each item is scored as "pass" or "fail," and the entire unit fails to meet the minimum housing quality standards if a single item fails.
Safety Behaviors
During the home observations in both the SIS and CPS studies, data collectors located and tested smoke alarms and tested the temperature of the hot water at the kitchen sink. Three dichotomous variables were created: any working smoke alarm (yes/no), working smoke alarms on all levels of the home (yes/ no), and safe hot water temperature (#48.9°C) (yes/no). Having 1 working smoke alarm is also a measure in the sanitation and safety domain of the HQS; therefore, this item was dropped when we analyzed smoke alarm outcomes.
Sociodemographic Factors
Data were collected on child's age and gender. Data on the respondent characteristics included the following: ethnicity, relationship to child, age, education, marital status, employment status, per capita annual income, and whether the home was rented or owned.
Data Analysis
For the first study aim, we present simple descriptive statistics on the housing quality results. For the second aim, we compare the number of housing quality items passed to the presence of working smoke alarms and safe hot water temperatures by using logistic regression, adjusting for the study sample and significant sociodemographic covariates.
RESULTS
Sample
The children were 2.5 years old on average; they were roughly equally divided between boys and girls ( Table 1) . Respondents were mostly African American (98%), child' s mother (93%), 20 to 29 years old (61%), and unmarried (76%). One-half (50%) were employed, 15% had more than high school education, and 69% earned #$5000 per capita per year. Data on whether the home was rented or owned were missing for 57 participants (23%); for the remainder of the sample (n = 173), 92% were living in rental property.
Rates and Characteristics of Substandard Housing Table 2 presents housing quality domain data, including the mean number of items failed, mean item failure rate, and frequency distribution of items failed. Any failed item results in failing the entire assessment. For the total sample, the mean number of items failed was 8.2 out of the total 46 items, an 18% mean item failure rate. However, only 2 homes failed no items, meaning that 99% of the homes in this sample failed the housing quality assessment.
The data in Table 2 also demonstrate that the domain with the highest item failure rate was domain 4 (walls, ceilings, and floors) with the mean number of items failed 2.2 out of 7 (31%). Domain 3 (heating and cooling) and domain 5 (sanitation and safety) had average item failure rates of 22% and 20%, respectively. The domain with the lowest mean item failure rate was domain 6 (outside), for which 0.8 out of 8 items failed on average (10%). Domain 2 (electrical) and domain 6 (outside) had the highest proportion of homes with no failed items (53% and 50%, respectively), and domain 5 (sanitation and safety) had the lowest (11%).
The detailed listing of the housing quality items is presented in Table 3 , along with the proportion of homes that passed each item. For ease of presentation, the 32 items with $80% passing are listed in the Appendix. The 14 items with passing rates below 80% (Table 3) came from all 6 domains. The 4 items with the lowest proportion of homes passing included having a heating system that provides enough heat in every room (44%); no paint that is easy to chip or peel off (44%); no mold, mildew, or water damage on walls, floors, or ceilings (44%); and having a working smoke alarm on every level (42%). Fifty percent (50%) of respondents reported having seen a rat within the past week; 59% reported that all their windows had working locks. Table 4 shows that 82% of the sample had at least 1 working smoke alarm; 42% had 1 on every level; and 62% had safe hot water temperatures. Respondent age was associated with having working smoke alarms on every level, and respondent education was associated with having safe hot water temperatures in bivariate analyses (data not shown); these variables were included in the logistic regressions. The adjusted logistic regression analyses revealed that for every increase of 1 in the number of housing quality items passed, the odds of having any working smoke alarm increased by 10%, the odds of having 1 on every level by 18%, and the odds of having safe hot water temperatures by 8%.
Association Between Substandard Housing and Safety Behaviors
DISCUSSION
In this low income, urban sample of homes with young children, we found that 99% would be considered substandard. The most common problems were inadequate heating systems; peeling paint; walls, floors, or ceilings that have mold, mildew, or water damage; evidence of rats; and windows without locks. The odds ratios were significant and substantial for the association between the number of housing quality items failed and not having safe hot water temperatures or working smoke alarms. These results, while intuitive, are important because they add to the literature demonstrating an association between substandard housing and pediatric health problems previously demonstrated for lead poisoning and asthma. 5, 6 Pediatricians caring for low income families can use these results to inform their injury prevention anticipatory guidance and consider having referral resources for housing needs available.
The authorsofarecentsystematicreview of interventions to address injury-related structural deficiencies in housing noted the absence ofresearch onimproving the implementation of safety-related building and housing codes. 18 To the extent that HUD standards reflect commonly accepted building codes, our data provide some of the first empirical evidence linking structural deficiencies to home injury prevention behaviors. We were limited to data on only 2 safety behaviors, but results suggest other injury hazards and safety behaviors should be investigated.
The study does not elucidate why families in poor quality housing would be less likely to have working smoke alarms and safe hot water temperatures, nor did we have specific hypotheses in this exploratory study. Poverty is a common risk factor forboth substandard housing and lower rates of smoke alarms and safe hot water temperatures. Because our sample was predominantly low income, the independent effect of housing quality cannot be isolated. It is likely that a constellation of factors are associated with being able to implement safety behaviors and home modifications and that poor housing quality is a marker for some of these. Many of the homes in this study were rental properties. For smoke alarms, landlords are responsible for putting smoke alarms in the home, but residents are responsible for maintaining them, and our data could not distinguish between absent alarms, disabled alarms, or alarms with nonworking batteries. Landlords are also responsible for controlling the water temperature in rental properties, and we do not know whether the homes in our study had central or individual water heaters, which would determine whether the resident had access. We also do not know if the water heaters were of the newer type with preset safe temperatures. However, although hot water temperature is generally correlated with the water heater setting, we have evidence that this is not always the case, 19 and the 2009 International Residential Code for 1-and 2-family dwellings recommends thermostatic mixing valves that regulate the water temperature at the faucet. 20, 21 The sample consists of parents enrolled in child safety intervention trials, and thus, is not representative of homes in any defined geographic area. We do not have further detail on the structural characteristics of the homes or actual home injuries, which would be useful to collect in future studies. Nevertheless, the sample does reflect a large number of homes within low income, urban neighborhoods in East Baltimore.
An important strength of the study is the use of home observations. These data are the first to our knowledge to use a standardized housing quality assessment tool to describe housing characteristics in this level of detail. The results are important because they demonstrate that a large number of low income, urban children may be at heightened risk for not only the well-documented lead poisoning and asthma that can be traced to the home environment but also for fire and scald burns. Moreover, the inadequate smoke alarm coverage and unsafe hot water temperatures have implications for entire families.
Our findings suggest that there are other safety modifications to include in the HUD' s standard housing quality assessments, especially for homes that are being inspected for occupancy by families with young children. High rates of homes with evidence of rats and cockroaches raises concern that there are also toxic chemicals in the home being used to kill them. The availability of lockable cabinets or other safe places to store such hazardous products should be included in housing quality assessments. Given the high failure rate for the heating and cooling domain, the presence of a working carbon monoxide alarm should be included for the protection of entire families.
CONCLUSIONS
Based on our findings and the availability of evidence-based solutions to many home injury risks, strongercollaboration between housing, health care, and injury prevention professionals is urgently needed to maximize the policy opportunities available to improve home safety. 
